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Maternal obesity is a major cause of obstetric morbidity and mortality. With surgical procedures to facilitate weight loss becoming
morewidely available anddemanded and increasingnumberofwomenbecoming pregnant afterundergoingbariatricsurgery,itis
important and timely to consider the outcome of pregnancy following bariatric surgery. This paper aims to synthesize the current
evidence regarding pregnancy outcomes after bariatric surgery. It concludes that bariatric surgery appears to have positive eﬀects
on fertility and reduces the risk of gestational diabetes and preeclampsia. Moreover, there appears to be a reduced incidence of
fetal macrosomia post-bariatric procedure, although there remains uncertainty about the increased rates of small-for-gestational
age and intrauterine growth restricted infants, as well as premature rupture of membranes in this group. A number of case reports
highlight that pregnancy following bariatric surgery is not without complications and it must be managed as high risk by the
multidisciplinary team.
1.Introduction
The epidemic of obesity in middle- and high-income coun-
tries has led to an increased prevalence of obese women of
reproductive age, conveying enormous consequences for the
health of both mother and child. Maternal obesity (deﬁned
as BMI ≥ 30 at the ﬁrst antenatal consultation) has become
one of the most commonly occurring risk factors in obstetric
practice [1], and the prevalence of obesity in pregnancy
has risen dramatically in recent years. In the UK, 33% of
pregnant women are overweight or obese [2]. Indeed, the
Centre for Maternal and Child Enquiries (CMACE) has se-
lected obesity in pregnancy as its principal project for 2008–
2011, with emphasis that in the UK, between 2000–2003
approximately 35% of the women who died in pregnancy,
childbirth, or in the postpartum period were obese. Further-
more, approximately 30% of mothers who had a stillbirth or
neonatal death were obese [3].
Obese women have an increased risk of stillbirth or in-
trauterine fetal death [4]. They are at greater risk of preterm
labour, miscarriage and fetal chromosomal anomalies, as
well as macrosomia. Obese women are more likely to suﬀer
from thromboembolism, gestational diabetes, pregnancy-
inducedhypertension,andpreeclampsia.Theyhaveagreater
incidence of dysfunctional labour, caesarian section [5]a n d
associated perioperative morbidity, as well as postpartum
haemorrhage. Therefore, weight loss after surgery has the
potential to confer enormous health beneﬁt for mother and
child.
The health burden of obesity is driving increasing num-
bers of people, including women of reproductive age, to seek
long-term treatment to facilitate weight loss. However, few
anti-obesity interventions have been found to be helpful.
Comparing surgery with nonoperative means of weight loss,
the National Institute for Health and Clinical Evidence con-
cluded.
Surgery remains more eﬀective than a non-
surgical approach for people who are obese (BMI
> 38 for women, >34 for men) in the longer term
(measured up to 10 years after surgery) [6].
A number of gastric banding procedures, many now
done laparoscopically, have been shown to produce dramatic
weight loss, and many women become pregnant after such
p r o c e d u r e s .D o e sw e i g h tl o s sb yt h e s es u r g i c a lm e a n sc o n f e r
the assumed health beneﬁts of weight reduction? What are
the risks to pregnancies post-bariatric procedures?2 Journal of Obesity
Increasing numbers of research papers have sought to
quantify the beneﬁts for maternal and child health in such
pregnancies, as well as highlighting potential complications
of pregnancy after these procedures. This paper summarises
the current evidence regarding pregnancy after bariatric
surgery to draw conclusions regarding maternal, fetal and
infant risks and beneﬁts, and to highlight areas in which
further robust research is required before recommendations
can be made.
2.Fertility
There is a vast amount of evidence supporting the negative
eﬀects of obesity on fertility and on IVF outcomes. Char-
acterised by a hyperinsulinaemic and potentially hyperan-
drogenaemic state, obesity may lead to oligo/amennorhoea,
often in association with polycystic ovarian syndrome. The
relative risk of anovulatory infertility has been found to be as
high as 3.1 in patients with BMI > 27 [7]. Weight reduction
has been shown to readdress this hormonal imbalance and
increase fecundity in obese and overweight women [8]. It
is therefore postulated that bariatric surgery improves men-
strual regularity and ovulation in anovulatory obese women,
thus restoring fertility.
Assessing fertility by a proxy of normalization of men-
strual cycles, as well as lessening of symptoms of PCOS, a
number of studies have demonstrated resumption of ovu-
lation after bariatric surgery and associated weight loss. In
a retrospective patient survey-based study, Teitelman et al.
found a preoperative anovulatory rate of approximately half
of women undergoing bariatric surgery (largely Roux-en-
Y gastric bypass), with resumption of regular menstrual
patterns in 71.4% and a positive correlation between degree
of weight loss and likelihood of resolution of menstrual dys-
function [9]. Furthermore, a prospective study of 17 obese
patients with PCOS found decreased hirsutism and blood
levels of testosterone, androstenedione, dehydroepiandros-
terone sulfate, as well as normalization of menstrual cycles
in all women after bariatric surgery [10].
Less has been published exploring the eﬀect of bariatric
surgery on spontaneous and IVF treatment-related fertility
rates, largely as most studies rely on retrospective case-con-
trol studies from women who were able to get pregnant and
whose pre-conception fertility histories were available [11].
Nevertheless, a number of small studies comparing fertility
rates before and after surgery do report improvements in
fertility [12–14].
3.PregnancyRelated MedicalComplications
There is increasing evidence to suggest that weight loss
after bariatric surgery may improve maternal and perina-
tal outcomes by reducing obesity-associated obstetric risk
factors. Although there is a paucity of robust randomized
control trials in this area, a number of recent case-control
and cohort studies demonstrate that women who have had
preconceptual bariatric surgical procedures may have lower
rates of obesity-related pregnancy complications such as
gestational diabetes and hypertensive disorders than either
historical controls or women who had pregnancies before
their bariatric procedures [15, 16].
In a retrospective cohort study of US insurance claims
of 585 women who had undergone bariatric procedures,
Bennett et al. found that women who had delivered after
their bariatric procedure (N = 269) had substantially lower
rates of preeclampsia and eclampsia (odds ratio 0.20, 95%
conﬁdence interval 0.09 to 0.44), chronic hypertension com-
plicating pregnancy (0.39, 0.20 to 0.74), and gestational
hypertension (0.16, 0.07 to 0.37), even after adjustment for
age, multiple pregnancy, surgical procedure, and preexisting
diabetes [17]. Similarly, in a large retrospective study of all
women between 1988–2006 who delivered after bariatric
surgery in a tertiary unit in Israel, Weintraub et al. found
a signiﬁcant reduction in the rates of gestational diabetes
mellitus (17.3% versus 11.0%; P = 0.009) and hypertensive
disorders in pregnancy (23.6% versus 11.2%; P = 0.001)
after analyzing 301 deliveries preceding bariatric surgery and
507followingsurgery[18].Wittgroveetal.,inaretrospective
study of 36 post Roux-en-Y gastric bypass pregnancies,
found decreased rates of gestational diabetes mellitus, hyper-
tensive disorders, as well as fetal macrosomia in the postsur-
gery group [19].
Not all studies concur with these results. Patel et al. did
not ﬁnd a statistically signiﬁcant diﬀerence in pregnancy-
inducedhypertension,preeclampsia,norgestationaldiabetes
mellitus between postlaparoscopic Roux-en-Y treated pa-
tients and obese and nonobese controls [20]. Moreover,
higher rates of gestational diabetes and chronic hypertension
have been reported in patients postbariatric surgery, al-
though this association was shown to be nonsigniﬁcant after
adjustment for confounding factors [21].
4. PerinatalOutcome
As described above, bariatric surgery and the weight loss
associated therewith appears to decrease obesity-related ma-
ternal morbidity. It therefore follows that perinatal outcome,
particularly those associated with disorders such as gesta-
tionaldiabetesandpreeclampsia,wouldbeimprovedfollow-
ing bariatric surgery and pre-pregnancy weight loss. How-
ever, there lacks good evidence to support improved peri-
natal outcomes following pregnancy postbariatric surgery,
although there is little evidence to suggest adverse outcomes.
5. Birth Weight
Maternal obesity is known to have implications on birth
weight, particularly an increased risk of macrosomia (birth
weight > 4000g) [22]. A number of retrospective and pro-
spective observational studies have sought to deﬁne the im-
pact of bariatric surgery on birth weight.
Pregnancy following bariatric surgery has also been
demonstrated to reduce fetal macrosomia (birth weight >
4000g). Patel et al. found a signiﬁcant decrease in mean
birthweight and the incidence of macrosomia after Roux-
en-Y gastric bypass compared with severely obese patients,Journal of Obesity 3
and similar to those of nonobese and obese patients [20].
Similarly, Weintraub et al. found a signiﬁcant reduction in
the incidence of macrosomia in women who delivered before
bariatric surgery compared with those who delivered before
(7.6% versus 3.2%; P = 0.004) [18]. Importantly, when
comparing women with previous bariatric surgery (n = 298)
with all deliveries (n = 159210) irrespective of maternal
weight, women who had previous bariatric surgery were
morelikelytohavemacrosomicbabies(OR2.1,95%CI:1.4–
3.0, P<0.001) [21].
Although there seems to be evidence to demonstrate a
reduced incidence of macrosomia after bariatric surgery, the
study by Sheiner et al. demonstrated an apparently increased
rate of intrauterine growth restriction with a history of
bariatric surgery (5% versus 2%; P<0.001), as well as
premature rupture of membranes (OR 1.9, P = 0.001),
although this association was not persistent after multivar-
iable analysis (OR 1.4, P = 0.063) [21]. Patel et al. dem-
onstrated that the incidence of SGA after RYGB was higher
(11.5%) compared with nonobese patients (0.5%, P<
0.001), but not signiﬁcantly diﬀerent from obese (2.6%) and
severely obese patients (3.7%) [21]. Although Ducarme et al.
demonstrated the rates for low birth weight (<10% centile)
were lower amongst postbariatric surgery patients compared
with controls (7.7% versus 10.6%) [23], neither Richards
et al. [24] nor Dixon et al. [25] demonstrated signiﬁcant
diﬀerences in the incidence of SGA infants in post-bariatric
surgery patients compared with controls.
A reduced risk of macrosomia is not supported by all
studies. In a prospective study of 79 consecutive pregnancies
following laparoscopic adjusted gastric banding in compari-
son with the same patient’s penultimate pregnancies before
surgery, Dixon et al. found that although the pregnancy
maternal weight gain was lower in those who had undergone
surgery, there was no signiﬁcant diﬀerence in birth weight
between the two groups [25].
Timing of pregnancy after bariatric surgery has not been
demonstrated to aﬀect birth weight. In a small retrospective
review, Dao et al. demonstrated that of 34 patients who
became pregnant after bariatric surgery between 2001–2004,
there was no signiﬁcant diﬀerence in birth weight or prema-
ture labour between the 21 patients who fell pregnant within
1 year after surgery and the 13 who became pregnant >1y e a r
after the procedure [26].
6. PrematureBirth andMiscarriage
From the literature, it seems that the rate of premature deliv-
ery does not seem to signiﬁcantly diﬀer in pregnancies after
bariatric surgery, compared control groups matched for BMI
[20, 24, 25], nor with those prebariatric surgery [14, 19, 25].
Nevertheless, a very recent meta-analysis of 84 cohort and
case control studies has suggested that although the overall
risk of preterm birth is similar in overweight, obese women
and women of normal weight, the risk of induced preterm
birth was increased in overweight and obese women (relative
risk 1.30, 1.23–1.37), with causes presumably related to
increased medical complications in pregnancy necessitating
early delivery. It is also found that the overall risk of sponta-
neous or induced preterm birth before 32 weeks completed
gestation is increased after bariatric surgery [27].
While one small case series of 9 patients reports a mis-
carriage rate decline of 33.3% to 7.8% in patients following
bariatric surgery, [28] with the presurgery pregnancies as the
control group, there is a lack of robust evidence to demon-
strate a signiﬁcant eﬀect of bariatric surgery on miscarriage
rate. Whilst a higher miscarriage rate (21.6%) was demon-
strated in bariatric surgery preoperative patients compared
with the general population, this was not reduced postoper-
atively (26%) despite a reduction in BMI [29].
7.PerinatalDeathand
Congenital Malformations
Despite the above-described apparent increase in IUGR and
premature rupture of membranes (albeit before multivari-
able analysis), Sheiner et al. did not ﬁnd a signiﬁcant diﬀer-
ence in perinatal mortality between those with a history of
bariatric surgery [21]. Comparing all pregnancies of patients
with and without previous bariatric surgery (N = 159210),
the perinatal mortality rate was not signiﬁcantly diﬀerent
between the groups. However, a number of observational
studies have highlighted the importance of further research
into the potential increase in congenital malformations fol-
lowing bariatric surgery; a prospective cohort of 239 preg-
nancies after BPD reported two birth malformations, one
infant dying from surgery for meconium obstruction and
two deaths from “unknown causes” [30].
8. MaternalNutritionalDeﬁciencies
Concern rightly exists surrounding the theoretical potential
fornutritionaldeﬁcienciesformotherandinfantafterbariat-
ricsurgery,particularlymalabsorptiveprocedures.Published
outcomes of adverse nutritional deﬁciencies in women who
have undergone bariatric surgery are rare, although case
reports do exist detailing deﬁciencies in iron, B12, calcium,
and vitamin D after malabsorptive procedures which have
the potential to lead to fetal complications including neural
tube defects, low birth weight, neonatal hypocalcaemia or
rickets [31]. Eerdekens et al. report on 5 cases of severe
neonatal intracranial bleeding resulting in three neonatal
deaths and two severely disabled infants, in births following
bariatric surgery, all possible related to vitamin K deﬁciency
[32].Whilstdisturbancesofcoagulationasaresultofvitamin
K deﬁciency was proved only in one of the cases (maternal
gastric outlet obstruction 2 years post gastric banding), it
highlights that careful attention to maternal and fetal nu-
trition must be made a crucial element of care in such
pregnancies.
9. SurgicalComplications
An increase in intra-abdominal pressure, displacement of
organs by a gravid uterus, and a predisposition to vomiting
in pregnancy poses risk to the pregnant woman post4 Journal of Obesity
bariatric surgery. A systematic review of 75 research papers
by Maggard et al. described 20 reports of complications
requiring surgical intervention during pregnancy following
bariatric surgery including 14 bowel obstructions, 1 gastric
ulcer, 4 band events and 1 staple line stricture, resulting in 3
maternal, and 5 neonatal deaths [11]. Such reports highlight
the importance of treating a pregnant woman after bariatric
surgery as high-risk pregnancy although these rates may
not indeed be higher than in the normal population when
reporting bias is accounted for.
10. Conclusions
The evidence presented above is strongly suggestive that
patients who undergo bariatric surgery may have lower
risk of maternal complications such as preeclampsia and
gestational diabetes compared with obese controls or pre-
surgery pregnancies. Furthermore, it seems that bariatric
surgery may reduce the risk of fetal macrosomia, although
the risk of growth restriction or low birth weight is not clear
and risk of nutritional deﬁciencies appears rare. Isolated case
reports detailing intestinal obstruction and other surgical
emergencies during pregnancy in women who have had
bariatric surgery need further quantiﬁcation, although it is
clear that pregnancy postbariatric surgery is not without
risks. Clearly, careful attention must be paid to women who
have had previous surgery to ensure adequate maternal and
f e t a ln u t r i t i o n ,a sw e l la st h ee a r l yr e c o g n i t i o no fp o t e n t i a l
complications.
Unfortunately, the level of evidence regarding maternal
and fetal outcomes after bariatric surgery is limited to
observational case control and cohort studies; no deﬁnitive
studies comparing pregnancy outcomes between diﬀerent
bariatric operative techniques have been performed, nor do
any randomized control trials exist to deﬁnitively character-
ize the reproductive potential of bariatric surgery, nor are
they likely to be feasible. Further research is needed to clarify
the beneﬁts and risks of prepregnancy bariatric surgery to
betterequipthemultidisciplinaryteamwithinformedadvice
and management of preconceptual, antenatal, delivery, and
postnatal care for these women.
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